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The aim of this research project is to develop prototype knowledge based system for 
ceramic matrix composites of automotive engine components. The materials are selected 
from ceramic matrix composites. The selected materials will be able to increase the 
efficiency of an engine and reduce weight. The designed knowledge based system 
consists of a knowledge based, material database and product design parameters. The 
development of such expert system for ceramic matrix composites leads to further 
increase in their application in high temperature field. 
The proposed system helps to select the suitable materials for automobile engme 
components. The materials chosen for the research are ceramic matrix composites. For 
selecting materials to engine components, few specifications are laid out as constraints 
in tenus of rule conditions. The materials, which satisfy the conditions, are selected as 
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suitable materials. The rules based reasomng are used to select the materials. For 
different range of constraint values, the selected materials will vary. 
As for as constraint values are concerned, the values are selected from the product 
design specifications. The product design specifications are chosen from the past design 
and are calculated from the design procedures. The selected materials are ranked 
according to the properties and stored as result. The most suitable material is labeled as 
best material and the next level of materials are ranked according to the properties. 
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Objektif projek penyelidikan ini ialah untuk memilih bahan-bahan yang paling sesuai 
untuk komponen enjin kenderaan dengan menggunakan sistem berasaskan pengetahuan. 
Bahan-bahan tersebut dipilih daripada komposit matriks seramik. Bahan-bahan yang 
dipilih mestiJah boJeh meningkatkall keberkesanan bahanapi, mengurangkan kos 
pembuatan dan ringan apabila digunakan dalam komponen enjin kenderaan. Sistem ini 
terdiri daripada sistem berasaskan pengetahuan, sistem pengkalan bahan dan parameter-
parameter rekabentuk. Pembangunan sistem berasaskan pengetahuan untuk komposit 
matriks seramik akan mempertingkatkan penggunaan bahan ini pada suhu yang tinggi.  
Sistem yang dicadangkan akan membantu memilih bahan yang paling sesuai untuk 
komponen-komponen enjin  kenderaan seperti omboh, rod penghubung dan gelang 
omboh. Bahan-bahan yang dipilih untuk kajian tersebut ialah komposit matriks seramik. 
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Untuk memilih bahan-bahan sebagai komponen-komponen enjin, beberapa spesifikasi 
telah dijadikan sebagai syarat pcnghad. Bahan-bahan yang memenuhi syarat-syarat 
tersebut akan dipilih sebagai bahan yang sesuai. Keputusan daripada pertimbangan 
syarat-syarat tersebut akan digunakan untuk memilih bahan. Untuk julat penghad yang 
berlainan, bahan yang akan dipilih akan berubah. 
Nilai penghad dipilih daripada spesifikasi rekabentuk produk. Spesifikasi rekabentuk 
produk dipilih daripada rekabentuk tcrdahulu dan pengiraan dibuat berdasarkan tatacara 
yang telah dipilih. Kedudukan senarai bahan-bahan yang telah dipilih akan disusun 
berdasarkan sifat-sifatnya dan akan disimpan. Bahan yang paling sesuai akan dilabelkan 
sebagai bahan terbaik dan bah an yang lain akan disenaraikan kedudukannya berdasarkan 
sifat-sifatnya. 
VI 
ACKNOWLEDGEMENTS 
PERPUSTAKAAN SULTAN ABDUL SAMAtlJ 
UNlVERSITI PUTRA MALAYSIA 
First of all Thank God, for given me wisdom and strength to complete my research. I 
would like to acknowledge the complete support and advice given by Ir. Dr. Mohd 
Sapuan Sal it, my thesis supervisor and Mr .Faizal Mustapha, Dr. Napsiah I smail my co-
supervisors for their supervision and encouragement. 
J am also grateful to my brother M.M.E.Jacob for his support during my studies. J am 
also grateful to my friends who have given moral support to complete my work within 
the time frame. 
Finally, yet importantly I am thankful to my parents for their support and encouragement 
during my studies. 
VII 
I certify that an Examination Committee met on 26th June 2002 to conduct the final 
examination of M. Suresh Devanesan Jacob on his Master of Science thesis entitled "A 
Prototype Knowledge-Based System for Ceramic Matrix Composites Material Selection 
of Automotive Engine Components" in accordance with Universiti Pertanian Malaysia 
(Higher Degree) Act 1980 and Universiti Pertanian Malaysia (Higher Degree) 
Regulations ] 981. The Committee recommends that the candidate be awarded the 
relevant degree. Members of the Examination Committee are as follows: 
YOUSIF A.KHALlD, Ph.D. 
Associate Professor 
Department of Mechanical and Manufacturing Engineering 
Universiti Putra Malaysia 
(Chairman) 
MOHD. SAPUAN SALIT, Ph.D., P. Eng. 
Department of Mechanical and Manufacturing Engineering 
Universiti Putra Malaysia 
(Member) 
NAPSIAH ISMAIL, Ph.D. 
Department of Mechanical and Manuracturing Engineering 
LTniversiti Putra Malaysia 
(Member) 
F AIZAL MUSTAPHA, M.Sc. 
Department of Aerospace Engineering 
Universiti Putra Malaysia 
(Member) 
� MOHAMAD RAMAn': Ph.D. 
Professor/Deputy Dean 
School of Graduate Studies 
Universiti rutra Malaysia 
Date: a 6 JIll 2002 
VllI 
This thesis submitted to the Senate ofUniversiti Putra Malaysia has been accepted as 
fulfillment of the requirement for the degree of Master Science 
IX 
AINI lDERIS, PhD 
Professor/Dean, 
School of Graduate Studies 
Universiti Putra Malaysia 
Date: 1 2 SEP 2002 
DECLARA TION 
r hereby declare that the thesis is based on my original work except for quotations and 
citations, which have been duly acknowledged. I also declare that i t  has not been 
previously or concurrently submi tted for any other degree at UPM or other i nstitutions. 
(M .SURES H  DEVANESAN JACOB) 
Date: " .  0 "':I . •  Ute» � 
x 
TABLE OF CONTENTS 
Page 
DEDICATION II 
ABSTRACT 1I1 
ABSTRAK v 
ACKNOWLEDGEMENTS VIl 
APPROV AL SHEETS VlIl 
DECLARA nON FORM x 
LIST OF TABLES XIV 
LIST OF FIGURES XVI 
NOMENCLATURES XVlll 
CHAPTER 
INTRODUCTION 
] ] Background ] 
12 Scope of the Research 2 
1 3 AIm and ObjectIves of the Research 4 
1 4 Stmcture of the fhesls 5 
2 LJ fERATURE Rf'-VlEW 7 
2 1 IntroductIOn 7 
2 2  CeramIcs 8 
23 ComposItes I 1 
24 Remforcmg phase 12 
241 Factors Affectl11g Remforcement 12 
24 2 Remforcement� and Effects ]5 
243 WhIskers Remforcement 16 
244 DIsadvantages of WhIsker') 17  
245 PartIculate Remforcement ] 8  
246 Platelet ReInforcement 19 
247 Fiber Remforcement 20 
25 ProcessIng of CMCs 22 
251 RecommendatIOn of FabncatlOn Process 22 
25 2 ConventIOnal MIXIng and PressIng 23 
253 Techmque') InvolVing Siumes 24 
254 ReactIon Bonding Process 26 
255 LIqUId InfIltratIOn Process 26 
256 Sol-Gel Proces'l 27 
257 Vapour DepOSItion Techmques 28 
258 Machmmg 29 
XI 
26 1 ypes of CeramIc Matnx ComposItes 29 
2 6 1 SIlicon CarbIde FIber ComposItes 30 
262 Carbon FIber ComposItes 32 
263 TEMROK 33 
2 6 4  Zircomum OXIde FIber ComposItes 34 
2 6 5 SIlIcon Carbide Whisker Composites 36 
266 Silteon Nltnde WhIsker ComposItes 41 
2 6 7 ZIrconIUm OXIde WhIsker ComposItes 42 
2 6 8 Boron CarbJde Whl�ker ComposItes 42 
2 6 9 Slltcon CarbIde PartIcle ComposItes 43 
2 6 10 A Jumtnum OXIde PartIcle Composites 46 
2 6 II ZirconIUm OXIde Particle ComposItes 47 
2 6 12 Tltamum Bonde PartIcle ComposItes 49 
2 6 J 3 ZircOnIum Bonde Particle CompoSItes 49 
2 6 14 Banum Nltnde Particle ComposItes 50 
2 6 15 AluminIUm Nttnde PartIcle ComposItes 51 
2 6 16 Tltamum CarbIde Particle ComposItes 51 
2 6 17 SI Itcon CarbIde Platelet ComposItes 52 
2 6 18 Alum tnlum OXIde Platelet ComposItes 53 
2 6 19 Zlrcolllum Bonde Platelet ComposItes 54 
2 6 20 Advantages of CMCs 54 
2 6 21 DIsadvantages of CMCs 55 
2 7 Expert System 55 
2 7 J ObJect Onented Programmmg 56 
2 7 2 Rule Based Rea<;onmg 58 
2 7 3 Forward ChaJllmg 58 
2 7 4 Backward Cha1l1J1lg 5 9  
2 7 5 KAL Language 60 
28 DesIgn Con<;lderatlons of AutomotIve Engtne Components 61 
2 8 I IntroductIOn 61 
2 8 2 PIston Desl!:,'11 ConsideratIOns 63 
2 8 3 Connectmg Rod DeSIgn ConSIderatIons 69 
2 8 4 PIston Rmg DeSign ConsideratIOns 72 
29 The Use of CMCs In Automotive Engme Components 75 
2 1 0  Conclu'iJol1� 77 
'3 METHODOLOGY 78 
Jl IntroductIOn 78 
J 2 Overall Syc;tem Dc�cnptlOn 79 
3 2 1 Knowledge Ra<;ed Syc;tem 79 
3 2 2 User Interface 87 
33 Kappa-PC EdItors 89 
3 3 J Class EdItor 90 
3 3 2 Instance EdItor 91 
3 3 3 Slot EdItor 92 
XII 
4 
5 
3.3.4 Function Editor 
3.3.5 Rule Editor 
3.3.6 KAL Interpreter Window 
3.3.7 KAL View Debugger Window 
3.3.8 Find and Replace Window 
3.3.9 Rule Windows 
RESUL TS AND DISCUSSION 
4.1 Material Selection for CMCs Based Engine Components 
4.2 Product Design Specification 
4.3 Material Selection Methodology 
4.4 Presentation of Results 
4.5 Analysis of Results 
4.6 Discussion 
CONCLUSION AND RECOMMENDATION 
5.1 Outcome of Material Selection 
5.2 Recommendation for Future Work 
5.3 Summary 
REFERENCES 
APPENDICES 
VITA 
Appendix T 
Appendix I[ 
xiii 
93 
94 
95 
95 
96 
96 
98 
98 
103 
106 
111 
114 
] 16 
118 
118 
119 
119 
121 
125 
128 
131 
LIST OF TABLES 
Table Page 
2.1 Mechanical properties of engineering ceramics materials 10 
2.2 Mechanical properties of 2D SiC (Nicalon)/SiC composites 30 
2.3 Mechanical properties of SiC/ShN4 composites 31 
2.4 Mechanical properties of SiC/alumina composites 32 
2.5. Mechanical properties of C/SiC composite 33 
2.6 Mechanical properties of TEMROK 34 
2.7 Mechanical properties of ZT A -XS 121 composite 35 
2.8 Mechanical Properties DT A-AZ30 1 composite 35 
2.9 Mechanical properties of SiCw/Si3N4 composite 36 
2.10 Mechanical properti es of SiCJ Ah03 composite 37 
2.] I Mechanical properties of SiCw/Zr02 composite 38 
2.12 Mechanical properties of SiC,JC composite 38 
2.13 Mechanical properties of SiCJmullite composite 39 
2.14 Mechanical properties of SiC".! ZrOrAI203 composite 40 
2 15 Mechanical properties of SiC\\/Zr02-mullite composite 40 
2.16 Mechanical properties of SiC\JCordierite composite 41 
2.17 Mechanical properties Si,N4,,/Si}N4 composite 41 
2.18 Mechanical properties of ZTA composite 42 
2.19 Mechanical properties of SiC,JSi3N4 composite 43 
2.20 Mechanical properties of SiCplSialon composite 44 
XIV 
2.21 Mechanical properties of the SiCplY· TZP/muIlite composite 45 
2.22 Mechanical properties of SiCpI Ah03 composite 46 
2.23 Mechanical properties of Zr02p1mullite composite 47 
2.24 Mechanical properties of Zr02p·cordierite composite 48 
2.25 Mechanical properties of TiB2p1SiC composite 49 
2.26 Mechanical properties of ZrB2p-SiC composite 50 
2.27 Mechanical properties of BNp· SiC composite 50 
2.28 Mechanical properties of ATNp·SiC composite 51 
2.29 Mechanical properties of SiCpl/Si3N4 composite 52 
2.30 Mechanical properties of SiCp1IMoSh composite 53 
2.3 J Mechanical properties of ZrB2riZrC composite 54 
2.32 Acceleration figures for piston ring widths 68 
4. J The effect of varying constraint values for piston J J 4 
4.2 The effect of varying constraint values for connecting rod 115 
4.3 The effect of varying constraint values for piston ring J 15 
4.4 Selected material for piston 1 J 6 
xv 
LIST OF FIGURES 
Figure Page 
1.1 Structure of the research 06 
2.1 Simplified flow sheet for slurry techniques 25 
2.2 Forward chaining flow chart 59 
2.3 Automobile engine piston 63 
2.4 Connecting rod 70 
2.5 Piston ring 72 
3.1 Structure of the proposed system 79 
3.2 Architecture of the proposed knowledge based system 80 
3.3 Ceramic matrix composites 81 
3.4 Hierarchical graph of ceramic matrix composites 84 
3.5 Slots defined in the Instance editor 85 
3.6 Slot editor window 85 
3.7 Logic of reasoning process 86 
3.8 Session window 88 
3.9 Relation between objects 89 
3.10 Class editor window 90 
3.11 Instance editor window 91 
3.12 Slot editor window 92 
3.13 Function editor window 93 
3.14 Rule editor window 94 
xvi 
3.15 KAL interpreter window 95 
4.1 Main screen 99 
4.2 Chi ld  frame 100 
4.3 Queries between t he user and the system 101 
4.4 Query window 102 
4.5 Caution window 102 
4.6 Product design specification for engine components 105 
4.7 KBS class ification of engine components 107 
4.8 S lots variables for the engine components 107 
4.9 Rule  window for piston and connect ing rod material selection 108 
4.10 Sample rule structure for piston material selection 109 
4.11 Rule trace window III 
4.12 Result  screen for piston 112 
4.13 Knowledge base image 113 
4.14 Rule structure image 113 
xvii 
NOMENCLATURE 
f stress 
a length of the surface crack 
B connecting rod small end width 
c change in the gap 
d diameter of the piston 
D external diameter of closed ring 
d piston diameter 
dg gudgeon pin diameter 
En elasticity value 
F total load on the piston 
I, & h inertia force due to piston and rings 
K constant 
length of connecting rod 
m total pin bearing length 
p gas pressure 
P diamctral load to close ring 
p max cylinder pressure 
r radius of the crank 
R weight of reciprocating parts 
I,. radial thickness of piston ring 
w axial thickness of piston ring 
xviii 
y 
y 
{Jf 
OJ 
dimensionless geometry factor 
modulus of section 
specific weight 
over al l applied stress 
angular velocity 
xix 
CHAPTER! 
INTRODUCTION 
1.1 Background 
As it has been for a hundred years, the future car will be determined primarily by 
these things: customer requirement and the manufacturers capabilities. Due to the rapid 
change in the market demand and requirements, new methodologies and technologies 
come into play major roles in the automobile industry. Basic engine designs tend to live 
a long time, but that design is  continuously being developed and refined to power new 
models and platforms. 
According to the United States of America Emission Technology Reports, 
(Gordon, 1995) more than half of current engines have to be fundamentally redesigned 
for market demand. The researchers foresee the changes mainly in engine components. 
It is expected that there will be a significant increase in new engine design in near future. 
The introduction of new design should increase the efficiency of the engines compared 
with existing design. As far as the change of new designs is concerned, there are so 
many important factors like those of efficiency of the design; reliabili ty of the design 
and appl ication of the design should be considered. Therefore, for any product 
development in an industry, the following sequences of activities are considered as 
important as the new design. They are, making designs, selecting materials, introducing 
new design changes to suit the material properties and cost estimation. 
In an automobile industry, the manufactures are striving to develop components, 
which are less costly and light in weight without compromising the desired mechanical 
properties like stiffness, strength and toughness. At the same time, efficiency of an 
engine is considered as another important factor for success in the market especially in 
South Asian countries where the availability of hydrocarbon fuels is limited and the 
demand is more. 
In order to increase the efficiency of the engine, the combustion, which occurs in 
the combustion chamber, should be complete in such a way that all the charge supplied 
into the combustion chamber should be burnt completely. This concept can be achieved 
in an adiabatic engine. An adiabatic means there are no heat loss or heat gains in the 
system. In order to design an adiabatic engine, the engine and its components should be 
manufactured with materials, which can able to withstand the high temperatures 
developed inside the combustion chamber. For achieving this design, there are moves to 
replace metallic materials with advanced materials like ceramic matrix composite. 
1.2 Scope of the Research 
Material selection is usually can-ied out by design and material engineers. Many 
systems are available to help the designer to choose the required and suitable materials. 
At the basic level, a designer can select materials from material handbooks. However, 
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selecting suitable materials with respect to the mechanical properties by referring 
records or material hand books are time consuming and inefficient. 
Therefore, industrialists implemented computer based system and material selection 
tools. Knowledge-based system is one of the procedures designed for material selection. 
Definitions about a knowledge-based system and its functions have been well defined by 
the work of Dym (1985). A number of systems have been developed to select material 
for a specific operation or a set of operations. 
In the past, a knowledge based system for material selection to automotive 
components has been designed for polymeric based composites by Sapuan et.al, (1 998) 
and Sapuan (1 998). The research work implemented an expert system for selecting 
material from polymeric based composites for automotive pedal box system. Knowledge 
engineering environment (KEE) is selected as knowledge based system. Another 
knowledge based system for material selection for injection-molded resins based on pre­
design application has been described by Nielsen et al. (1 986). The research describes 
the selection of plastic resins for injection moldering applications. GERES, a rule based 
program serves as a consultant for selection procedure. 
With same design techniques, a computer based intelligent system for automatic 
tool selection by using a knowledge-based system called Kappa-PC has been described 
by Edalew et. al. (200 1). Tool material selection procedure has been carried out by using 
kappa-Pc. Kappa-PC works based on object oriented programming. A number of 
researchers like Watennan et. al. (1992) who describes about the material property data 
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systems and use of an expert system in material selection procedure and Robinson et. al. 
(1993) have carried out research work for surface coating and material selection by 
using PRECEPT knowledge-based system like those described above. 
Research work are carried out by Naslain (1999), Zhou et. al. (1999), and Deng et. al. 
(1999) about the development, processing and properties of ceramic matrix composites 
and its application. 
None of the above researchers have concentrated on a knowledge-based system 
that enables designers to select the most suitable materials for engine components from 
the ceramic matrix composites. The aim of this research is to illustrate the development 
of prototype knowledge based system that is designed to select an optimum material for 
engine components that of piston, connecting material and piston ring from the ceramic 
matrix composites. 
1.3 Aim and Objectives of the Research 
The aim of this research project is to develop prototype knowledge based system 
for ceramic matrix composites material selection of automotive engine components. The 
materials are selected from ceramic matrix composites. 
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The objective of this research is. 
f'ERr'uSl),i(A,AN SULTAN ABDUL SAMAD 
UNiVUlS1TJ PUTRA MALAYSIA 
• to study the mechanical properties of ceramic matrix composites 
• to develop a prototype knowledge-based system for ceramic matrix composites 
of automotive engine components 
J.4 Structure of the Thesis 
The thesis started with the introduction and objectives of the research. In chapter 
2, the literature review on ceramic matrix composites, automotive engine components 
and Kappa-PC have been conducted. The literature review starts with the classification 
of different types of ceramics and their properties. Further, it explains the development 
of ceramic matrix composites for ceramics and their reinforcement besides the types of 
processing techniques for CMCs and their reinforcement. The later part of chapter 2 
describes the design requirements for an automotive engine components and review of 
object oriented programming and an expert system. 
In chapter 3, the methodology of the research has been explained. It consists of 
over all system descriptions, and explains each components and their functioning. It also 
explains how the knowledge base is created for ceramic matrix composites and how the 
material selection is carried out with the help of rule-based reasoning. 
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